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like reference numerals des1gnate corresponding parts in the various figures, and wherein:

FIGs. 1 through 10 illustrate, in cross-section, semiconductor device manufacturing process steps

according to at least one embodiment of the present disclosure.

BEST MODE(S) FOR CARRYING OUT THE INVENTION

25 The present disclosure provides a method for asymmetric spacer formation appropriate for integration
into a manufacturing process for integrated circuit semiconductor devices, as well as an apparatus created
according to the teachings disclosed herein. The method comprises the steps of forming a gate structure over a
semiconductor substrate, and forming a sidewall layer overlying the gate structure and substrate, wherein the
sidewall layer comprises a first portion overlying a first sidewall of the gate structure. A photoresist structure

30 is then formed adjacent to the first portion, and subjected to an jon beam. The photoresist structure serves to
shield at least part of the first portion of the sidewall from the ion beam. During ion beam irradiation, the

wafer is oriented such that a non-orthogonal tilt angle exists between a path of the ion beam and a surface of
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si dewal | ™ tion 3 or

After deposition and development of photoresist structure 11, portion 100 will be subjected to

30  irradiation by ion beams 13 and 17 of FIG. 2. During irradiation, a sidewall portion 3 of sidewall layer 10 will
be oriented to have a non-orthogonal tilt angle between the path of the ion beam 13 and a surface of the
sidewall portion 3, or ion beam 17 and a sidewall portion 7. In an embodiment, the non-orthogonal tilt angle
has an angle of incidence formed by the path of the ion beam 13 and 17 and the surface of sidewall portion 3 or
sidewall portion 7 ranging between 7 degrees and 45 degrees. Selection of the non-orthogonal tilt angle is

35  based upon the thickness of the sidewall layer (film stack 10) and the height of the gate structure 15, as well as
the height of photoresist structure 11. It should be noted that irradiation by ion beam 13 and ion beam 17

typically occurs using the same ion beam equipment at specific times, e.g., ion beam 13 has identical
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barrier control is degraded, adversely affecting device performance. The present disclosure offers the

advantage of avoiding the occurrence of this undesirable condition. In addition, the disclosure allows for
decoupled optimization of the source side and drain side spacer thicknesses. For submicron transistor
architectures, a low overlap of gate and drain is desired to reduce the “miller” capacitance between input (gate)
30  and output (drain) terminals. However, a sufficient overlap of gate and source is required for best transistor
drive. Currently used symmetric spacers are limited in that the choice of overlap for the drain and source must
be a single decision based on tradeoff / optimization of lower “miller” capacitance and higher transistor drive.

This disclosure allows for the realization / optimization of these parameters independently.

The method offers flexibility as to the location of spacer asymmetry, as seen in FIG. 4. FIG. 4

35 illustrates, in cross-section, a portion 200 of a semiconductor device in which the photoresist structure and non-
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49, As before, it should be noted that jrradiation by jon beam 51 and ion beam 55 typically occurs using the

30  same ion beam equipment, though not necessarily at the same times, ¢.g., ion beam 51 has identical

characteristics to ion beam 55 as they are generated by the same ion beam equipment. The orientation/tilt
angle of portion 300 changes during irradiation and/or implantation. It should also be noted that more than one
mask and etch step as taught herein can be employed to meet a certain design parameter, if desired, such as is

presented in the examples of FIGs. 7 and 8.

35 After delivery of the ion dose, which typically ranges from between 10'2 to 10** cm™, the photoresist
structures 41 and 49 are stripped away, and portion 300 is subjected to an anisotropic etching process. The
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phot oresi st structures 81 and 89 is determned in a planning stage prior to
Once photoresist structures 81 and 89 have been formed, portion 400 will be subjected to an ion dose.

Prior to commencing ion dosing, portion 400 is adjusted such that a tilt exists between ion beam 555 paths and
the plurality of gate structures 85-87. Due to geometrical considerations, ion beam paths comprise two

30  directional components. For example, ion beams 555 have a first directional component 501, and a second
directional component 510, denoted by the solid arrows 501 and 510 in FIG. 7. In the example of FIG. 7, the
placement of photoresist structures 81 and 89 results in the gate structure 86 sidewall 95 receiving an
unshielded ion dose from ion beams 555. The intervening photoresist structure 81 shields sidewall 94, and
photoresist structure 89 shields sidewall 96 of gate structure 87 during ion beams 555 irradiation,

35 In the particular design scheme example illustrated in FIG. 7, the number of unshiclded sidewalls of a
gate structure, i.e., 95 is less than the number of shielded sidewalls of a gate structure, i.e., 94 and 96. In the
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substantially non-orthogonal ion beam exposure, a common drain extension area 166 is created between gate
structure 86 and 87. The implantation dopant can comprise a number of materials, such as boron (B), arsenic
30  (As), phosphorus (P), boron-diflouride (Bf,).

As seen in FIGs. 7 and 8, on a wafer containing a plurality of gate structures, there were two mask and
etch processes which lead to the formation of the device of FIG. 9. There can be, however, numerous other
design possibilities driving the placement and number of mask structures and etches than those of the examples
of FIGs. 7-9. One could perform additional mask, irradiation, and etch steps according to the design needs of

35  aparticular application,
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be usedsetapd plosllsy dfizatespacer |l ayer. Prior to irradiation, a

Following irradiation, a first portion of the spacer layer overlying the first sidewall is anisotropically
etched to form a spacer on the first side, and a second portion of the spacer layer overlying the second sidewall
30  is anisotropically etched to form a spacer on the second sidewall. A dopant is then implanted to form a source
extension area adjoining the first sidewall and a drain extension area adjoining the second sidewall. The source
extension area underlies the gate structure by an amount greater than the drain extension area, as seen, for
example, in extension area 987 in FIG. 10.

Specific items of novelty are indicated by items 1-29. It will be appreciated that additional novel
35  elements are disclosed besides these items listed:
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Item 9. The method of item 1, wherein subjecting further comprises the ion beam comprises a

species of an element with an atomic number less than 9.

Item 10. The method of item 1, wherein forming a sidewall layer comprises the sidewall layer

comprising a nitride.

25 Item 11. The method of item 1, wherein forming a sidewall layer comprises the sidewall layer

comprising an oxide.

Item 12. The method of item 1, further comprising anisotropically etching a first portion of a sidewall

layer to form a spacer on a first side, and implanting a dopant to form a source extension area on the first side
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gat e st r uct uiemA&Thewgetpd of ifemt12.Srther chmpising anisbinpichllyregbinghi fire pdriiaanf thafirst a
second  sidealifia6ripbiort FVery i &R Rtk Sl 6 fokrh 9£}mceI &&ﬁ@ﬂ?@sx&ehﬁu Wgﬁe@' odchihedY €7

overlyin second gate structure, wherein th l'ayer conprises
athird? g?ﬂ%ﬂﬁ‘f’? ofjthgeePidsuipvall dyer agraien VFrH&gfh‘iéec?‘}drs‘éf © femparager op tesee®@éond gat e
st r uct ursiglg; asdhichplantihgaddpimt ®ifehewadukce k:agneion 40 bljbiniRg he/fktlsilé /g a HBie e8@G6HWkaS| de of
the ECOninBHE Bochl e bk BT ReBlo LD | Qéa{tedsﬁc'g? 03 bmgu@¥REe PO L1 O

fromthe i on dose when t Irst si Siected to
t he i on g the drain extension area.

Item 16. The method of item 12, further comprising forming a photoresist structure adjacent to the
first the first side.

Item 17. The method of item 12, further comprising forming a photoresist structure adjacent to the
25 second side.

Item 18. The method of item 12, further comprising orienting a substantially horizontal surface of the
gate structure to form a non-orthogonal angle of incidence between a path of an ion beam and the substantially
horizontal surface of the gate structure.

Item 19. The method of item 17, wherein the non-orthogonal angle of incidence ranges between 7

30 degrees and 45 degrees.



Item 15. The nmethod of item 12, further conprising anisotropically etching
a first portion of the first sidewall |ayer portion overlying the first
side to f er on the first side; anisotropically etching_a second
portion oﬁﬁﬂﬁﬁyiﬁg’nd sidewal | | ayer portion overlying %%%Ugﬁgﬁﬁaﬂgide to
forma spacer on the second side; angpinplanting a dopant to forma source

extension area adjoining the first side and a drain extension area 20
adj oi ni ng t hétes e@ ABmaliod 6 iteM1B, Fnbirsin thb BorSElGgeR Myl BNTideRte RHAAI WoLRE | | es the

gate st gl AN t gr.eater . than the drain extension area. lItem
16. The netéf%{)ﬁﬂ%%ld%fag%ﬁ%aafv%%‘faﬁ&el?mﬁl8ﬁ%r%ip§?t?ﬁ's?s H%hg a photoresi st
structure adjacent to the first the first side. Item 17. The nethod of
item 12, fur theb1, CRIMiHo8 bitem 1 0Wil8H mdioR RAE BheS k) veifebi ol Risagk acent to the
25 second side. Item 18. The nmethod of item 2,&%th her coﬁpr@ﬁqs'i ng
orienting a substantially horizontal surface of the gate structure to form
a non- or t hog&eraP2. dkghethodbf item ¢2, dethereoteikip@ihing the silldwalDlayend frA she@m and t he

substant:al. I ] A ate structure.. ltem 19. The
et h%)d %%‘a#%%%%%ddgv\%g%%ﬁrﬁt %&?lsgaﬁ?%srp%%gadg’ﬁnéﬂgmaeﬁeﬁ n(eas}(f)l? 'he! ®&REe ranges

bet ween thicknesy degrees and 45 degrees. WO 2005/017993 PCTI US2004/ 017708 -10
Item 20. The nethod of item 17, wherein the non-orthogonal angle of

i nci dence is.ba upo he. thickness of the sidewall |ayer and a vertical
i et on of 1o 25 Baler ins & (G EPRCS oD popriag aitee ADRPIGTI) St 15
wher ei nstuptares Qyprlyigg substeateerach of thorfidb plmalie of st@ s tanpfifips fidnsid facingams2. The

et 100 okl 1 hoont 4 g o SBR e 1w RG o W forma
spagcfr_ ?ngad'! t%' ni non t he figr?st si de ﬂgvi ng a fttrdis?et%uqt%hl o ngé)g&%%%kg&gpacer
[

adj of n SRS disyotiors: forming g spaces layep Averlying thegphkwplity of safesi@fipsping 2 it net hod of
f or m ngbeweem icmireupdiond tepiraldy efamp stustiago E@ipiienPirdtidnbiicthpoénimalei ty of gate
structu 1yl ; . h irst. plural it f structures
conpr i sigeﬁoaldgﬂ%%%tu&gﬁnggeﬁ#%%%ea&gs?clgn?ig& a io?%a(%ts%g%fes B 5”%%"5%3’ FErde facing
a secontfeI Pty sheatefsiuss iy a uhtst ofihe dirst plirplisvofigeinstustaestiiabis tosscimn the diist ect i on
are 10 pipplitpytigamabedktireOpposi te directions; form ng a spacer |ayer overlying
the plurality of gates; adjusting a tilt between an ion beam path and the
plurality of gate structures to conprise a directional component in the
secdhd di r eclinnid: Themishodafiiteny22 fiwtherf domprising isdbgectin; tha seeend sikcofja v glutality oDf gat e

St r uct Ug@Sstricdirad td 4 ecohd b in WOBEE C .l | | f e
struct uéf es i.s ats tg{{tglss?%; tgi se?ﬁ%??ﬂ rst ﬂf‘ﬁ?"{é’{}?tg?és%ﬁ’&g%t‘% s{él{s%lgf:%ﬁrgghgﬁ%t i's

| ess t W& FEoses Seifipsphyplityofieate €Reres ures. 15 Item 24. The met hod

of item 22 further conprising subjecting the second side of a third
plurality ofg. ogatf es Lo a.secqnd i.on.dose, wherein the third
plurality of tgat e setﬁre %gfg@#%%ﬁiihergméh ﬁghérglp H‘B typ %tefwgesﬁf‘ﬁ?tﬁ’lh?lpﬁwmgwy gat e
st r uct uiElEsiveriibe seeond plurality ¢fgafe stuetures, whsreigsubstaptially putefly eralpsivesidicates that G .

20  first plurality of gates has less than 50 percent of members in common with the second plurality of gates.

Item 26. The method of item 23 wherein the third plurality of gate structures is substantially mutually
exclusive to the second plurality of gate structures, wherein substantially mutually exclusive indicates that the
first plurality of gates has less than 10 percent of members in common with the second plurality of gates.

Item 27. The method of item 23 wherein the third plurality of gate structures is substantially mutually
25 exclusive to the second plurality of gate structures, wherein substantially mutually exclusive indicates that the
first plurality of gates has less than 1 percent of members in common with the second plurality of gates.

Item 28. The method of item 22, further comprising anisotropically etching a first portion of the
spacer layer overlying the first side to form a spacer on the first side; anisotropically etching a second portion
of the spacer layer overlying the second side to form a spacer on the second side; and implanting a dopant to

30  forma source extension area adjoining the first side and a drain extension area adjoining the second side,




Item 25. The nethod of item 23 wherein the third plurality of gate
structures is substantially nutually exclusive to the second plurality of
gate str erein substantially mutually excl usi t hat
the 20 f &%Pﬁwgllty of gates has |less than 50 percéﬁﬁwggﬂh@ﬁ%@gs in
common mnth the second plurality of gatgs. Item26. The nethod of item 23
wherein the third plurality of gate structures is substantially mutually
excl usi v ehérein thh R Ex@asbnRl ek firiibdibsfh te SAkifre BY fnthinbitt Hﬁ%ﬁ Lantially
nmut ual |'y clusive indicates that t o flfs% pl ura§§?§ ga?% %%s | ess

than 10 percent of nenbers in common W|th the second plurality of gates.
Item 27. The nethod of item 23 wherein the third plurality of gate

structures isSusy sive ond lurality
of gate s ‘%l Itu r g k%lexfégﬁn s ug‘g@é‘%??‘“ﬁ%ﬁ“" nu a?nfmn& Gl sgtésfr?}% R8¢ Lat es t hat
the fir§ "ﬁﬁ % PYeflyinedhe egts ptmstupe4ad t%%@”?”l%ﬂfw 1ubf$@iemmdfe siderbléys i n conmon

wi t h § he cowpeisasel fisd partiad dvedyingfa ﬁﬁegld@ﬁlaﬂ dfrﬂ@ igate Sructikd) QorBRE DM rofkbist s&tﬁme%%rceﬁtu rther

conpri si 0 n rst portion of the spacer '|ayer
overl yi %&?}tleﬁﬁﬂ pHbdnPil ifleb iy B Bl S Babiio Rt s be oo s

ani sotro %Pﬁliﬁs@ﬂ%?ﬁmﬁémapmmthgmbm of the spacer |ayer overlying the
second side to forma spacer on the second side; and inplanting a dopant to

30 form a souTreauethsd £9 Sﬁpﬁrﬁmﬂfe&& p?&l'id@d f&' ar}ﬂmglg ﬁgieh@rﬁ&nox? i[dﬁom%ﬁ'c_r? %%egg%il%o 17708

t 05/:017993
"1 wher B R SRR BBl R i tripar s Goe el it st vaiony o,

amoufl giseeitisted o @ipse felexamples. Fopsxtrenis the disclatre & distussederth prifatie iildgaRIPT | Si Ng

formng aygase @ﬁ&%ﬁﬂdﬁ&t&@c&%&%@% Fonn. si dewal |
| ayer ovterl%llé,%rlleg1 the gate structuyre and %éngéni%tai%%%%ece%ng oyed tQ%‘J‘atd"e‘""cwher ein

‘the sideta Pesreas 8’8{?{}?? Pesers quring feyjoe B‘G}“faFtB‘ﬁ @@@qoy=|1wglbpwpm@ated$hademl |
of the gastead gfhombardingesidevbatis mmgncathpahamamm&masjww&ﬂémr@ddb&%%h rake@ the
first pOFer,ngl’ 1821 ] ructure to an_jon beam
wherej n 1g pleAte s Ve Eitally v BUBLOERME, ARbth Saes re Prdaroiinc,
ort § tﬁ‘?’i‘é‘q‘i‘ebﬁdﬂ%?ﬁﬁ arerengipevaille avhigh @plpévﬂmfw@seen ey ides for a

f | exi bI emétlig bemmphithatin ONote a&dolth@hlﬂbuﬁxb@enhb@&iﬁ&kbﬁﬁbp%étm@ﬁ&ﬁhﬂ%@éﬁéﬁm% usi ng

certain il I arent to those skilled in the art
Chat i ne b Sl KA0PLER vl erlln o s RO S b e s sk ot o

the di scthoyeighinesoktheipvsation sﬁeiobehesﬂmqmpmmmke)smdumthe &0 BedbfitsotiRFadanRkd,] C
spacer 1 i@ frWendidhien EEFao0 D WENEE o WiEed SNEHRLRT HGALLDR, CTH1 0Y o

Wi t ®t heL.q evba%e qchn rg{)l S to create as pacers aut i hg device
manuflact Gra PYRORRRRSTGRS to prpblgps, nd guy e&ﬁﬁ?‘@d@‘éﬁ?’da‘{%w beﬂPﬁfsquﬂa@gt?@@r

bonbar di selgtiositeieee ot tscone mmlpammﬁceﬂhnehm tEle@bustl es&,cnﬁdaméqmdf oPRsehtal Bgped to
reduce thakh ni.t rog c .anted within

sel ective sfng&fgllgllogmtﬁesc %%%’I i @3 3 rrota ey °msn° ‘Pte 8?)%95? SR and etch
t echni qUB¥HS EFéfPf‘EE“éemaP‘é o’e;fav qoafRrY, }rlsaniﬁ!ﬂ¢da®¢oeer\ﬁ#vh elleretived, chodificatians, ab| e f or
use in eqlateyis,agcah Bereasoibl Belu@s wittd@Epid §1a8¢oPe ofMRife@bs 0, that al though an
enbodi nent of the present .invention has been shown and described in detail
herein, along with certain variants thereof, many other varied enbodi nents
t hat incor porate the teachings of the inventi on may be easily constructed
by those skilled in the art. Benefits, other advantages, and solutions to
probl ens have been descri bed above with regard to specific enbodi nents.
However, the




20 benefits, advantages, solutions to problens, and any el enent(s) that may
cause any benefit, advantage, or solution to occur or becone nore

pronounce to be construed as a critical, requi nti al
feature g’r"a’{é’ﬁ%@@%? of any or all the clainms. Accordi ngf&,%?ﬁé“@gzﬂgent
invention is not intended to be limted,to the specific formset forth
herein, but on the contrary, it is intended to cover such alternatives,
nodi fications, and equivalents, as can be reasonably included within the
spirit ardHAT®ELAMEDES: i nvention. WO 2005/ 017993 PCT/ US2004/ 017708 -12-
WHAT IS CLAIMED 1S: 1. A method of form ng a sem conductor device
conprising: fqrmn I ate structure havipng a first side facing a
first directi gh, _ a% éﬁogé%%n =87 eco'F(gd%t?rn%“‘§°°’§%‘i§'gﬁd direction, wherein the
first side andriga Sigiestgrostugdaving e fstsidgificink a fiot diretibe, atdhedeondaidelfabibgs i r st
direction is subst sabidaloio AR deink i 5860 WoutlHER! 1Bl 0 ph il A9 o2

sidewal | |ayer over Isy&j{]gi the fi r'?nt ate structure, ewal |
layer conprises a fi°rSFoHoR s Sibtantilly opRosite thespoppdgiredior | ying the first side,
and a’second $imdiegasidewhlbipyr ovpdyingithe firsonaes strytiufeg whérdiEthSsp1e @aN daySr cBBpriseAGirst

subj ecting the fir glewal conl i an 1o se while the second
sidewal | |ayer porti gﬁh ??ﬁéééono%lgijgl%@?ﬁeﬁes@g’ aese‘iono&nm GEeepgrgn o 2et hod
of claim1 conpris §°.°°’1d Y a second gate structure having a first side
facing the fi subjectohi the Gitsi stewallaayek partisets @iidn Sdselhife & sddhd siabian 5% pitondi foECt i ON;
form ng the si de\/vagl}bje&@d/tgﬁngﬁgséyi ng the second gate structure, wherein the
sidewal | |ayer conprises a third sidewall |ayer portion overlying the
first side of the second gate structure, and a fourth 15 sidewall [|ayer

portiion overl ging fTikantReemMinsl dRp@Rgt he second gate structure; and

shi el di ng theﬁ,t‘m'lgadsesigegval | | %er portion fromthe ion dose when the first
side of the firTareyErad el st aanesdirt §de fpningiths firstiditeetion, 3nd apprendidetisite of
claim1, further ctegeeinddiegtionani sotropically etching a first portion of the
first sidewal forhiR/fd side@¥ifh ' .rst.side to form 20.a spacer
on the first side;_ani %ltl!;}gﬂ&v%lgﬁ%%X%e?%ﬁl&%&ug&gggvgﬁrang%% ?"gjr)\h’('?fmﬁ‘i’ése%"econd
si dewal | | ayer por*P’f“ibﬁ‘fiiwgf'ﬂe’i}i%@n?%@“’%@(ﬁgﬂSi@Qiélesqc@dthspmdourbn t he
sg_co_hij_ Si de;1 and i sigeivallthyeryiprtdn chafdvi thelsecohDid¥loPhSRME SuteBlcRAS N ﬁr ea .
adj oi ni ng 't he . rain extension area adjqin.ng the secon

si de, wher ei nséeﬁg%gaﬁi#rggd%@?% §?°5?1°n%?né’ o (518ﬁﬂlwlh3’sthetaﬁﬁ%s‘gelaf$@°§'ls‘rgﬁ%f%re by 25
an anmount greater UPigfpdiefbeigrdosen ext ensi on area. 4. The nmethod of claim 1,
farther conprising form ng a photoresist structure adjacent to the

3. The method of claim 1, further comprising:
anisotropically etching a first portion of the first sidewall layer portion overlying the first side to form
20 a spacer on the first side;

anisotropically etching a second portion of the second sidewall layer portion overlying the second side
to form a spacer on the second side; and

implanting a dopant to form a source extension arca adjoining the first side and a drain extension area

adjoining the second side, wherein the source extension area underlies the gate structure by

25 an amount greater than the drain extension area.
4, The method of claim 1, further comprising forming a photoresist structure adjacent to the
first the first side;
5. The method of claim 1, further comprising forming a photoresist structure adjacent to the
second side;
30 6. The method of claim 1, further comprising orienting a substantially horizontal surface of the

gate structure to form a non-orthogonal angle of incidence between a path of an jon beam and the substantially
horizontal surface of the gate structure.




first the first side; 5. The method of claim1, further conprising formng
a photoresist structure adjacent to the second side; 30 6. The nethod of
claim1, further conprising orienting a substantially horizontal surface of
the gate structure to forma non-orthegonal angle of incidence between a
path of an iqn be and t sybstantjally . horjzontal .surface of the gate
e ucturer - 13 7 1 el Serk o ER b hon bl A bR RS AYSRAL anol
of inci degieeanddfdeteehet ween 7 degrees and 45 degrees. 8. The net hod of
claimb5, wherein the non-orthogonal angle of incidence is based upon the 5
t hi ckness of the %ide | | I%%er and a vertijcal dinension of a photoresist
structure. 9.3 The TRRPHEY obflaiRPayvherein thefoaorhogonalpaele pfincilsacs isbagsdinon he o m

bet ween thiA@s ¢fohekldvgalidaye2and a detical Bingensiwt dfe ghandresisi saamrél, f urt her conpri si ng
etching the sidewall layer to forma spacer 10 adjoining the first side
having a first thickness and a spacer adjoining the secopnd side_ having a
second t hi cRness.Thamethod ofiglpimd gWhersinths ign %PQ" rafgsy FATHR§tey it & W' CEct ure on a
sem conductor substrate; 15 formng a sidewall |ayer overlying the gate

str UCf[ ure anqﬂ.t he THE rql‘%tgo%%gélgl&qrfu:%l%po?owp%ine etcme{ g'sic'i‘ wt I}I]Fa er fol tgr?nvgasl allcerl ayer
conprises a first Portion over!ying arriresteE BN oY PHE™APE st r uct ur e;
f or AP ng 2diciphgthe firstsids having e diest Bicknegs@pdawperer adiviningghefs¢eprgitside baving @ seconsind

subj ect ini@ndsre phot oresi st structure to an ion beam wherein the

phot oresi st structure shields at |least part of the first portion fromthe
ion beam 20 12. The nethod of claim 11, wherein the step of subjecting
conpri ses orilént i Agndtied cémprising:si dewal | to have a non-orthogonal tilt angle

bet ween a patfg}m%%a%;@@m{,gaeg}%gmu@org%gd@e of the first sidewall. 13. The
met hod of claim 12, wherein subjecti n% further conprises the non-orthogonal

tiltangle 188 i aﬁky‘aﬁmﬂém%?’e BAFTHHE & g SorepnEfstof Bstaia e tene | on
beam and t he surf aidewatifiaytrivempriséssitfirs patonaldrlying A gistsiflewdlRif we eite sfruct@gr ees and

45 degrees. %%ml@%:%ﬁ&@&ﬂuc%ea%a 'nmo%ﬁs%%gog! ﬂdsubj ecting further
gona

conpri ses selectrng the non-orthogon angl e based upon a thickness
of the si dewdtbiectingghephoiprepissstietirg fpran i beaime wheeirthe phojpeesisfseuctusiphields atfe net hod
of claim 14, wher @arof$HelFirsedriion Grofuelibiearg.ONPr i ses sel ecting the
nonégrthogonal tilt angl e based upon a hei ght of the photoresist

structure. 16. The nethod of claim 11, wherein subjecting further conprises
the i on beamldel i Vbg fpﬁ@daf daimd 1, wherein the step of subjecting comprises orienting the first sidewall

to have a non-orthogonal tilt angle between a path of the jon beam and a surface of the first sidewall.

13. The method of claim 12, wherein subjecting further comprises the non-orthogonal tilt angle
25  having an angle of incidence formed by the path of the jon beam and the surface of the first sidewall ranging

between 7 degrees and 45 degrees.

14, The method of claim 12, wherein subjecting further comprises selecting the non-orthogonal
tilt angle based upon a thickness of the sidewall layer and a height of the gate structure.
30
15. The method of claim 14, wherein subjecting further comprises selecting the non-orthogonal

tilt angle based upon a height of the photoresist structure.

16. The method of claim 11, wherein subjecting further comprises the ion beam delivering a dose

35  ranging from between 10" to 10" cm™.

17. The method of claim 11, wherein subjecting further comprises the ion beam comprises a

species of an element with an atomic number greater than 9.




35 ranging frombetween 1012 to 1015 cm'. 17. The nethod of claim11,
wherei n subjecting further conprises the ion beam conprises a species of
an element with an atom c nunber greater than 9. -14- 18. The nethod of
claim17, wherein subjecting further conprises the ion beam conprises an

el ement sel ected ffromthe.qgr.o onsi sting.of silicon, .germani u and neon.
19. The met hg of T?:IT %?“t’n%qf‘i,ga“&‘ﬂz’rweffﬁ‘“é‘b ejcgr%tf?rtrl]ﬁr P rﬁ?rfsﬁsgl?e '%’gbﬁ%? Pt gﬂs ¢#e ion
beam comlsmpns gedeciqd fran the grewnecognsisfingzof silidoprmemmaniping dnd paen.at o ¢ nunber | ess t han
9. 20. The method of claim 11, wherein formng a sidewall |ayer conprises
the sidewal | .|ayer.  conprisi.ng. a. nitride. 10 21. The nmethod of claim 11,
wherein for n‘illr)fg o Tos et ef 311133&“@8'&15?‘11%%]%@ QTRIEGRR 01 SR FOTPESHBr i si ng
an oXi depecigof am¢ianentyithed atorhic odratientest than p.ur t her conpri si ng: ani sotropically
etching a first portion of a sidewall layer to forma spacer on a first
side, and 15 inplanting a _dgopant to forma source extension area on the
first side ad® a dPareibadef dsiailbyhereia orpine 3 sidewall iopey capngiees thgsideveall lpyethe sour ce
ext ensi osmmisiega nimider | i es t he gate structure by an anount greater than the
drain extension area. 23. A nethod of form ng a sem conductor device
conprising: 20 formng a first plurality of gate structures overlying a
subdfrate, edth offhemehodiof daim b L. wherein fayming a sidewialt tayar eampriges thesideyalldaver fi r st

si de f acémgisiag fniok@é. di rection, and a second side facing a second direction,
wherein the first direction and the second direction are approxi mately
opposite directions; formng a spacer |ayer overlying the plurality of

gat es; adj us¥ng dhe¢méthodjoblaimeh fathericomprsimam path and the plurality of gate
structures t @ni&abdalip&chihg dinksEdkion BAd sidewal BRFPHRpded? ob DersSREQRE di rection;
subj g:ctl ng the first, side ate structures to a

I q of a second, ‘El ural i t%srqug
firdt ion dodB i BpR P A & SWEH BenpiPtifen nhe it sidpgpde eip prtnsiPREea 8 24
subset of the fir sdcorglside.athertiy thokougategtersion ared widekies tha gite stacthre Bsantalnaimt t he

first plurality ofy.Qatin sk hidhlels gna%;g 24. The nethod of claim23 further
conprising: subjecting the second side of a third plurality of gate

structures to a second ion dose, wherein the third plurality of gate
structures ig3.a susdtod of forknie afsérfiiSdndi@toddcdick tompeifinggat € structures that is

lesgothan the first plurality of date structures. . 11D hod of
0 t lf f gate structu
ol ath 24 wherourit b Bl et et solon G T ey ST sl PR
mutual |y excl usi 9enpriging hirstside Geite plireidigpationy angfa sepandesids facing  serand dirgghiay ei n
substanti al 'y mut warbiy the %l disétid@arld i s6cdh Edfired iR bre hfpRxinfalelySppdsietiradtibdsy Of
gates has |egs fhan ac%?la;pe%v%ﬁnlﬁ tgg‘ lr’ﬂalrrbetr S, N comon wit h the second
plurality of Gareg® ying the plurality of gates;

adjusting a tilt between an ion beam path and the plurality of gate structures to comprise a directional

25 component in the second direction;
subjecting the first side of a second plurality of gate structures to a first ion dose, wherein the second
plurality of gate structures is a subset of the first plurality of gate structures that is less than

the first plurality of gate structures.

30 24, The method of claim 23 further comprising:
subjecting the second side of a third plurality of gate structures to a second ion dose, wherein the third
plurality of gate structures is a subset of the first plurality of gate structures that is less than
the first plurality of gate structures.

35 25. The method of claim 24 wherein the third plurality of gate structures is substantially mutually
exclusive to the second plurality of gate structures, wherein substantially mutually exclusive indicates that the

first plurality of gates has less than 50 percent of members in common with the second plurality of gates.




-15- 26. The nethod of claim 24 wherein the third plurality of gate
structures is substantially nutually exclusive to the second plurality of
gate structures, wherein substantially rmutually exclusive indicates that
the first plurality of gates has | essishan 10 percent of nenbers i n common

with the secqond pl.ur

the third pl%?aI|€$ otL e‘%%?u ?ﬂngngpgﬁﬁ§g§ﬁF“£Fuvsﬁﬂﬁﬁ I’n%Y@Yu3|ve
to the sedusiveltophesecand nhyalaf of gatt sirugttines) whereie substantidly giutvaliy psgesive tndahtbsyhatrme ual ly
excl usi g pixgii r:g Bitgas el R tilah S0 pefrdeﬁt%? mBhBefsa dohnnoR i@t &Sonll ?ﬁrailt? §§ga€e.b an 1
percent of menmpbers in common with the second plurality o 28. The
nmet hod of claim 23, further conprising: 10 anisotropically etchlng a first
portson of tRe spdabemethalofelaim2e whyrbin e thire plhialitg bf gaieductuds fseubsaiatypaweily on
the fir §Jlus§/!e f8ne s@c'ahd%?&r!u%%f%&é é&ﬁa@&{ Rh&gn &b%ﬁﬁ?%u&%}«%&&iv@ﬁndk%& il BE €T

llayer overlying t second sid rma spac second side; and
i mpl ant it Parakiy ﬁ%ﬁﬁ‘t"s Rag legs fhapn! geresginf gempstt in ﬁ‘§‘i“’éﬂ’1 with the sesendpivrAlin gt edies- i r st
side and a drain extension area 15 adjoining the second side, wherein the
source extensgon %%9%aﬂ%d?ﬁ&h3§ e“%atg structure by an anount greater
than the drain extension area et ned conprising: formng a gate
strd@ture on apiscsepitalin piehinetadirst Bartipstof é? gpacep yef overlyipgthefirgisidendrin ajspagesion the
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adjoining the second side, wherein the source extension area underlies the gate structure by an

amount greater than the drain extension area.

29. A method comprising:
forming a gate structure on a semiconductor substrate;
20 forming a sidewall layer overlying the gate structure and the semiconductor substrate, wherein the
sidewall layer comprises a first portion overlying a first sidewall of the gate structure;
forming a photoresist structure adjacent to the first portion; and
subjecting the photoresist structure to an ion beam, wherein the photoresist structure shields at least
part of the first portion from the ion beam.
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